Data related to the egg capsules of the thorny skate, Raja radiata, gathered in 1947-72 from various parts of the Northwest Atlantic, were analyzed. The development of the capsule is described in relation to the shell gland and the passageofthe egg and albumen into the capsule. The egg was present in the capsule when the latter was seven-tenths or more complete. Albumen was always present once the capsule was developed enough to hold it. Occasional complete capsules were without eggs or possessed unusually small eggs. The right capsule was typically extruded first. Capsules in various stages of development were observed to occur generally throughout the area investigated and in all months of the year. The size of the capsule and the volumes of the contained egg and albumen increased with increase in fish length and consequently were greater in skates from areas where sexual maturity began at greater lengths than in areas where sexual maturity occurred at smaller lengths.
Introduction
The egg capsule (egg case) of the thorny skate was described by Beard (1890) , Williamson (1913) , Nordgaard (1917) , Vladykov (1936) , and the structure of the wall of the capsule by Jensen (1914 Jensen ( , 1948 . Some information on size of the capsule of this skate in various areas was given by Jensen (1914) , Nordgaard (1917) , Clark (1926) , Vladykov (1936) , Bigelow and Schroeder (1953) and Backus (1957) . However, apart from the descriptions of the capsule, the total amount of published information available is minor.
Materials and Methods
The data on egg capsules were obtained from thorny skates mainly taken in bottom-trawl catches of research vessels of the St. John's Biological Station (now called Research and Resource Services, Department of Fisheries and Oceans) from 1947 to 1972. The capsules in fresh condition were examined by the author usually in the laboratory after preservation of the fish in ice but occasionally at sea soon after the specimens were caught. The location of skatesamples examined for egg capsules and the NAFO divisions of the Northwest Atlantic are shown in Fig. 1 . As thorny skates from the northern part of Div. 2J were considered to be more related to those off northern Labrador and Baffin Island, Div. 2Jn and 2Js used in this paper refer to the areas of Div. 2J north and south of 53°N respectively. Thorny skates from the north coast of Iceland were taken in the area of 65°48'-66°31'N and 17°28'-20°49'W at 82-161 m.
Measurements of the median lengths of egg capsules included the velum and the greatest width included the flat lateral keels. Only complete capsules ready for extrusion were used for measurements of egg and albumen volumes and capsule weights. After the capsule was weighed, part of the convex surface was removed and the volumes of egg and albumen measured separately in water in graduated cylinders. The albumen measurement included all free albumen and as much as could be scraped from the capsule and the bases of the horns. Broken eggs were not used. Data for left and right capsules were averaged whenever both were available from the same fish. Egg capsules and contents with no egg and the one capsule with a very small egg, both shown in Table 2 , were omitted from the averages. Skate lengths in this paper are total lengths, tip of snout to posterior end of tail, recorded to the nearest centimeter on a wide measuring board with the first centimeter space offset a half-centimeter from the headboard.
Regression lines were computed by the method of least squares and the formulae of Zar (1974) were used to calculate the slopes and the intercepts for each of the relationships between fish length and egg capsule dimensions. Pairs of regression lines were compared by covariance analysis (Snedecor and Cochran, 1967) .
Results
The egg capsule, its development and contents Development of egg capsule. Various authors differ regarding the use of the terms "anterior" and "posterior" in relation to the egg capsule. The young skate emerges from the posterior part of the capsule in relation to the parent fish, and this part is called "anterior" by some authors. It is less confusing, however, if the terms "anterior" and "posterior" are applied, as in this paper, to the capsule as it occurs in the oviduct of the female. transverse sulcus of the shell gland ( Fig. 2A) . The posterior fringe of the capsule is next formed, evidently from the part of the shell gland posterior to the transverse sulcus (Fig. 28) parts harden after it is sealed off anteriorly, the shorter anterior horns being the last parts to be completed (Fig. 2F, G, I ). Normally, the completed capsule within the skate is found in the oviduct immediately posterior to the shell gland (Fig. 2H ). The surfaces of the capsule are convex dorsally and rather flat ventrally. At extrusion, the capsule is covered with a felted mass offibers, described by Clark (1926) .
Passage of egg into egg capsule. Two fish, with only the posterior horns and none of the main body of the egg capsule developed, had no eggs in the Fallopian tubes (Table 1 ). There were no eggs in the capsules of 18 specimens examined with capsules one-quarter and one-half completed, but an egg was present in each of the Fallopian tubes of 16 fish. In the two exceptions, there was an egg in the left but not the right Fallopian tube. Three of eight fish with capsules about three-quarters completed had an egg in each Fallopian tube and none in the capsules, and vice versa for four specimens; in one fish, the eggs were partly in the Fallopian tubes and partly in the capsules. Of 13 specimens with nearly complete capsules, 11 had the eggs in the capsules, 1 had an egg in each Fallopian tube, and 1 had an egg in the left Fallopian tube and an egg in the right capsule. In addition to the specimens Table 1 , a new egg was found in the Fallopian tube of each of two fish with complete capsules containing eggs. In one mature female, there was no trace of capsules in the oviducts but an egg was found in each Fallopian tube. Albumen appears to be secreted as soon as the capsule is large enough to hold it and continues to be secreted until the capsule reaches its full size and is closed (Table 1) .
Abnormal egg capsules. In most of the specimens examined with nearly complete to fully complete capsules containing eggs, the capsules and the eggs of each pair were approximately similar in size. However, in three specimens with complete capsules ready for extrusion, one capsule of each pair did not contain an egg, and the pair of capsules in an 85-cm fish contained one normal and one unusually small egg (Table  2) . Although the quantity of albumen in the capsules with no eggs was slightly greater than in those with normal eggs, the excess was much less than the expected volume of the missing egg. However, for each specimen, the difference in the weight of the capsule approximated the volume of the missing egg or egg material, and the abnormal capsules had slightly smaller linear dimensions.
Extrusion of egg capsules. Both complete capsules were usually found in the oviducts immediately posterior to the shell glands, indicating that the capsules are probably retained in this position until extrusion occurs. However, in 10 females observed by the author to possess only one complete capsule, it was always in the left oviduct, the right capsule having been recently extruded, as indicated by the extended and blood-suffused portion of the oviduct posterior to the shell gland.
Seasonal and geographical distribution of skates with egg capsules
Egg capsules in various stages of development (appearance of posterior horns to fully formed capsules ready for extrusion) were observed in 169 thorny skates from various areas of the Northwest Atlantic, and 65% (range 60-69% by season) of these were complete and ready for extrusion (Table 3 ). Complete and incomplete capsules were observed in every month throughout the year. Because some complete capsules, but not usually incomplete ones, are lost from the females between capture by the trawl and examination of the specimens, the percentages of females observed with complete capsules are minimal.
The samples of thorny skates taken in areas from Iceland, West Greenland (Div. 1BCD) and Baffin Island (Div. DAB) southward to the Scotian Shelf (Div. 4VWX) included 764 females which were classified as mature, of which 169 specimens (noted above) contained egg capsules in various stages of completion (Table4). The lack of data for some areas and seasons precludes spatial and seasonal comparison of the proportions of mature females producing capsules. However, by combining the data for the Grand Bank and St. Pierre cated by the r values. The slope of the line for capsule weight was slightly greater than that for albumen volume and both were much greater than that for egg volume. Weight of capsule and volume of contents. There were no significant differences in slopes and intercepts of regression lines fitted to logarithmically transformed data for fish length relative to egg and albumen volumes and capsule weights of the left and right capsules. and the variances were homogeneous. Data for left and right capsules were therefore averaged to produce one data point per fish for each relationship (Fig.  4) . The resulting regression lines showed good relationships between fish length and the three capsule parameters. highly significant correlations being indiBank (i.e. Div. 3LNOPs). the percentages of mature females with capsules were highest in the early part of the year (37, 26. 17 and 19% in quarters 1-4 respectively). In the western part of the Labrador Sea. the most northerly specimen with two complete capsules was obtained at the mouth of Ungava Bay. but thorny skates with developing capsules and many thorny skate capsules from the sea bottom were taken farther north off Baffin Island (Div. OAB).
Fish length and egg capsule dimensions
Length and width of capsule. Both the median length and greatest width of complete egg capsules of female thorny skates increased with fish length (Fig. 3) . and highly significant correlations were indicated by the corresponding correlation coefficients (r). It is also clearly evident that capsule dimensions for areas with sexual maturity beginning and occurring at greater fish lengths were greater than those for areas with sexual maturity beginning and occurring at smaller lengths. The only significant overlap of the two groups with respect to fish length occurred for a 73-cm fish taken in the southern part of Div. 4R (48 0 15'N. 59°44'W). adjacent to an area (Div. 3P) where maturity occurs at greater fish lengths. The slopes and intercepts of the regression lines for the data from areas with smaller and greater fish lengths at sexual maturity were not significantly different. and one regression line was considered appropriate for each of the relationships between fish length and capsule dimensions (Fig. 3) .
Occasional egg capsules without eggs, as recorded for R. radiata in this paper, have been reported for various elasmobranchs by many authors, e.g. Beard (1890) for R. radiata and Raja batis in European waters, Clark (1922) for European skates, Metten (1939) for Scyliorhynus canicula, Templeman (1944) for Squalus acanthias and Richards et al. (1963) for R. erinacea. From the data for R. radiata on the passage of eggs through the Fallopian tubes into the capsule (Table 1) , it appears that an egg could sometimes be Discussion Metten (1939) described and illustrated the posterior shell-secreting and the anterior albumensecreting zones of the shell gland of the dogfish, Scyliorhynus canicula. Similarly, from observations on the developing egg capsule of R. radiata described in this paper, it is evident that the shell gland posterior to the transverse sulcus secretes the capsule and that the zone anterior to the transverse sulcus produces the albumen. Hobson (1930) described and illustrated for R. radiata the posterior "half" of an egg capsule situated in the posterior part of the shell gland but containing no egg. A similar (but abbreviated and not illustrated) description of the development of the capsule to that in this paper was reported for Raja eglanteria and Raja erinacea by Fitz and Diaber, (1963) . In R. erinacea, ovulation from each ovary occurs when the capsule is approximately one-quarter to one-half formed (Richards et al., 1963) . Ovulation in R. radiata should occur under similar circumstances or possibly a little earlier, as the eggs were passing down the Fallopian tubes in one specimen with the capsule oneeighth complete and in all seven fish with the egg capsule less than three-eighths complete (Table 1) . Fitz and Daiber (1963) reported that the fertilized egg of R. eglanteria flows into the capsule when the latter is two-thirds formed. Metten (1939) found that no eggs were present in the egg capsules of S. canicula when the capsules were less than three-quarters completed . This is approximately similar to the results for R. radiata (Table 1) , where the median lengths of the developing capsules containing eggs were seven-tenths or more of the estimated lengths of the complete capsules. The formation of the complete egg capsule in R. erinacea off northeastern United States takes a minimum of 48 hours (Richards et al., 1963) , but the time required for R. radiata of the Newfoundland area may be greater because of the lower water temperatures.
As would be expected from the relationships of length and width of egg capsule to fish length (Fig. 3) , the egg and albumen volumes and the capsule weight were less in areas where sexual maturity occurred at smaller fish sizes (Fig. 4) .
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• ...... o too late in passing down the Fallopian tube to reach the capsule before it closed. However, Richards et al. (1963) found that one ovary in R. erinacea often contained only small eggs and the other had ripe ones, and that, in these specimens, the capsule in the oviduct on the same side as the unripe eggs was empty. Whenever it was mentioned by an author, albumen was invariably present in the complete capsule, as in the present study of R. radiata.
No capsules with more than one egg were found in this study of R. radiata. However, Richards et al. (1963) found two eggs in a single capsule of R. erinacea on two occasions and four eggs in a capsule in one instance, but the other capsule in each of these specimens did not contain an egg.
It is evident that the right capsule is extruded before the left capsule in R. radiata, as the left capsule was always the one remaining, from the author's observations of 10 thorny skate with only one fully developed capsule remaining in the oviducts. In R. erinacea, the right capsule was laid slightly in advance of the left, the latter being laid first in only two out of 6,000 spawning females observed by Richards et al., (1963) . Also for Raja garmani off Delaware and North Carolina, in four females with only one egg capsule, this was always in the left uterus (McEachran, 1970) .
In the present sutdy of thorny skate, there was evidence that egg capsule development and presumably capsule extrusion occurred in every month of the year, but such evidence was mainlyforthe Grand Bank and St. Pierre Bank areas (Table 4) . Forthese areas, the percentage of females with capsules was highest in January-March and next highest in April-June, but these percentages are greatly influenced by the data for the southwestern Grand Bank (Div. 30) for which little or no data were available in the remaining seasons. Definitive conclusions on this matter must await more systematic collections in the various seasons. The principal spawning (capsule extrusion) periods of R. erinacea from the southern New England area were reported by Richards et al. (1963) to be NovemberJanuary and June-July, although females with capsules were caught throughout the year. McEachran (1970) found egg capsules in female R. garmani during all seasons of the year but they were significantly more numerous in summer.
There is some information in the literature indicating possible differences in size of egg capsules and consequently in size of female R. radiata at maturity, but it is usually uncertain how the capsule measurements were taken and some of the data pertain to capsules taken from the sea bottom. Such capsules will have lost most of the velum and their lengths will usually be less than those of fresh specimens. The smallest capsules of R. radiata were reported from the North Sea, averaging 48 mm long and 34 mm wide with the smallest being 42 x 25 mm (Clark, 1926) . Nine capsules of this species from Trondhjem Fjord, evidently from the sea bottom, were 50-65 mm long and 40-48 mm wide (Nordgaard, 1917) . Thorny skate capsules from West Greenland were 44-66 mm long, a pair obtained from a female being 66 and 68 mm long (Jensen, 1914) , and specimens from the sea bottom near the Labrador coast were 55-70 mm long and 40-50 mm wide (Backus, 1957) . Two capsules of R. radiata from the southern Gulf of St. Lawrence sea bottom were 66-68 mm long and 48-49 mm wide, and eight capsules taken from females from the outer coast of Nova Scotia were 77-90 mm long and 58-73 mm wide (Vladykov, 1936) . A single capsule of R. radiata from an 81-cm female on Georges Bank was 76 x 57 mm (Bigelow and Schroeder, 1953) . In this paper, the median lengths of thorny skate egg capsules were 61-74 mm and 71-96 mm for the northern and southern regions of the Northwest Atlantic respectively, and the corresponding widths were 41-60 mm and 53-77 mm.
It is apparent from the data presented in this paper that the size of egg capsules of R. radiata increased with increased length of females and that the capsules were, on the average, smaller in mature fish from areas such as Labrador and West Greenland where sexual maturity begins and occurs at smaller fish sizes than from areas such as the Grand Bank and St. Pierre Bank where the fish grow to and sexual maturity occurs at larger sizes.
